It has recently been discovered that novel di-, tri-and tetra-substituted pyrazines are semiochemicals in Drakaea, an orchid genus that secures pollination by the sexual deception of male thynnine wasps. We examined if similar pyrazines were also present in the distantly related Caladenia barbarossa, a sexually deceptive orchid that is also pollinated by a thynnine wasp. Here we report for the first time the occurrence of two pyrazines, (3,5,6-trimethylpyrazin-2yl)methyl 3-methylbutanoate (1) and 3-(3-methylbutyl)-2,5-dimethylpyrazine (2) in the orchid genus Caladenia. The former is known as a semiochemical involved in pollinator attraction in Drakaea livida. This convergence of floral odour between distantly related plants provides an exciting opportunity to understand the evolution and molecular basis of this sophisticated chemical mimicry.
Sexually deceptive orchids employ mimicry of the sex pheromones of female insects to lure sexually excited males as pollinators [1, 2] . As a consequence of mimicking the specific sex pheromones of insects [3] , the floral odour of each orchid species tends to attract only one or two pollinator species [4, 5] , making sexual deception one of the most specific pollination strategies known.
Australia is a centre of diversity for orchids that employ this pollination strategy, with more than 150 species across ten genera involved, the majority of which employ mimicry of female thynnine wasps [6] . Investigations into some of these orchids have revealed novel biologically active semiochemicals that are unique among plants, for examples the chiloglottones in Chiloglottis which mimic the sex pheromone of females of the thynnine wasp genus Neozeleboria [2, 4, 7] . Unexpectedly, instead of producing chiloglottones, the closely related genus of Drakaea produces pyrazines that are electrophysiologically active and have been confirmed to be released by sexually active females of the pollinator species [8, 9] .
Of the Australian genera that are pollinated by sexual deception, Caladenia is by far the most diverse genus in terms of both species diversity and morphology [5, 10] . Although distantly related to other sexually deceptive genera, there are numerous cases of Caladenia species being pollinated by wasp species that are closely related to those used by Drakaea [11] . Given the presence of pyrazines in the floral odour of Drakaea, we predict that sexually deceptive Caladenia that use related pollinators will also produce pyrazines in their floral odour. Here we investigate the floral odour chemistry of Caladenia barbarossa, which is known to be pollinated by the thynnine wasp Thynnoides bidens sensu lato [5, 12] .
In order to investigate the pollination chemistry of this species, the floral calli were extracted in dichloromethane and subjected to GC-MS analysis. Two pyrazines were identified in this extract as (3,5,6-trimethylpyrazin-2-yl)methyl 3-methylbutanoate (1) and 3-(3methylbutyl)-2,5-dimethylpyrazine (2) , representing the first report of these compounds from the genus Caladenia. Both compounds were present in small amounts (<0.1%) in the floral extract.
Interestingly,
(3,5,6-trimethylpyrazin-2-yl)methyl 3-methylbutanoate (1) is shared with the distantly related Drakaea livida, where it was shown to be electrophysiologically active via GC-EAD (gas chromatography with electroantennographic detection) studies [9] . This finding suggests that there may be overlap in the pyrazines used by orchids to sexually attract thynnine wasps. A similar situation has been observed in Chiloglottis where pollinator specificity is achieved, despite drawing on a small pool of related chiloglottones, by different combinations and chemical blends [4] . Of further interest 3-(3-methylbutyl)-2,5-dimethylpyrazine (2) was previously identified as a constituent of the stapeliad Echidnopsis montana although its ecological function was not known [13] .
Further studies with GC-EAD and field bioassays are required to determine whether these two pyrazines are the specific and only compounds involved in the pollination of C. Barbarossa [9, 14] .
Experimental
Orchid flowers were collected from north of Frankland (34° 21' extract was then transferred to a sample vial and stored at -20 °C before analysis. GC-MS (70eV) were recorded on a Waters GCT Premier TOF-MS connected to an Agilent 5975 GC equipped with either a BP21 column [(TPA treated polyethylene glycol), 30m x 0.25mm x 0.25µm film thickness, SGE Australia] or a BPX5 column [(5% phenyl dimethylpolysiloxane), 30 m x 0.25 mm x 0.25 μm film thickness, SGE Australia], using helium as a carrier gas at 1 mL/min. Mass spectrometric data of (3,5,6-trimethylpyrazin-2yl)methyl 3-methylbutanoate (1) and 3-(3-methylbutyl)-2,5dimethylpyrazine (2) corresponded with published data [9, 14] . Identifications of the natural products were confirmed through coinjection of synthetic samples on the two GC columns ( Table 1) . Preparation of synthetic standards has been reported previously [8, 9] . 
